Measuring the serum level of N-terminal pro-B-type natriuretic peptide (NT Pro-BNP) in chronic heart failure (CHF) patients can be valuable to predict long-term sudden cardiac death (SCD). In this regard, significant elevation of this biomarker may be associated with the four-fold risk of SCD in such patients. A few documents are available in the best cutoff value of this marker to achieve this goal with high sensitivity and specificity and thus more cross-sectional and cohort studies should be performed with the aim of yielding the best cutoff points of the marker.
Introduction
Chronic heart failure (CHF) is a multiplex syndrome characterized by both functional and structural abnormalities in myocardial tissue leading ventricular functional impairment and thus failure in cardiac blood supplying process (1, 2) . Not only myocardial dysfunction can result in CHF, but any defect in other parts of heart such as cardiac valvular system, pericardium, and even great vessels along or in combination with together can lead the cardiovascular system to failure (3) . The pathogenic mechanisms of CHF are very complex. However a combination of mechanical, hormonal, neuronal, cellular and even genetic factors contributes to the pathogenic fundament of CHF (4, 5) . In this regard, ventricular dysfunction-related ischemia, mechanical hemodynamic instability, accelerated cellular apoptosis, genetic predisposition, and hormonal stimulations have been identified as the main basis for CHF flaring (6) (7) (8) . The central role of some biochemical and hormonal components in stimulating CHF or its deterioration has been recently highlighted.
About 25 years ago, the role of N-terminal pro-B-type natriuretic peptide (NT pro-BNP) has been understood as an important and critical biomarker in the diagnosis and predicting poor outcome of cardiac dysfunction (9,10). Since then, many studies have focused on the role of this marker to early predict mortality and morbidity in patients with progressive heart disease such as CHF. It seems that NT pro-BNP is high sensitive for predicting CHF exacerbation and even its cutoff values with maximized diagnostic value in such patients have been introduced (11) . However, this diagnostic value can be influenced by some important underlying factors such as simultaneous renal insufficiency (commonly revealed in CHF patients) (12, 13) , obesity (14) (15) (16) , and underlying atrial fibrillation (17, 18) and thus this biomarker may not be adequately valuable in some patients' subgroup. Thus, providing a systematic conclusion of various studies on the value of NT pro-BNP in predicting CHF prognosis is necessary. Herein, we aimed to systematically review the papers on the value of NT pro-BNP in prediction of sudden cardiac death (SCD) in CHF patients.
Materials and Methods

Data sources
This study was based on the Systematic Reviews and Meta-Analysis (PRISMA) study reporting system (19) . All articles about the value of NT pro-BNP in predicting outcome of CHF have been studied. Two researchers independently used the key words "chronic heart failure, B-type natriuretic peptide, sudden cardiac death" and their combination and searched the national and international databases including Scopus, PubMed, Science Direct, Web of Science, Springer, and the Google Scholar search engine. For generalization of the search step, internal and external keywords were used for general keywords and in external databases, the combination of keywords was used with the "AND" and "OR" operators. The search step was unrestricted and updated by 2018.
Study selection
In order to complete the search process, a manual search was also performed by reviewing the sources of the articles found. The selection criteria included articles that reported the association between NT pro-BNP and CHFrelated sudden death. Exclusion criteria included studies that did not have sufficient data and information, studies which full text was not available, or studies that did not have the required quality.
Data extraction
Researchers examined the quality of papers using the STROBE checklist (20) , a well-known international standard checklist for qualitative evaluation of articles. This checklist consists of 22 different sections and covers different parts of a report including sampling, variable measurement, statistical analysis, confounding modifications, validity and reliability of used tools and study objectives. The score range for this checklist is between 0 and 44, and articles that score less than 15.5 have been excluded from the study.
Studies that deserve the required quality were finally analyzed. To reduce reporting bias and error in data collection, two researchers independently extracted data from articles. The researchers listed a checklist including the name of the author, study title, the year and place of the study, the total number of patients, the study type, the details of the CHF outcome, and the value of NT pro-BNP indicated as odds ratio or by assessing the area under the ROC curve.
Statistical analysis
The variance of each study was calculated according to the binomial distribution. Studies were combined according to sample number and variance. Regarding the heterogeneity of the studies, the random effects model was used and in order to evaluate the studies, Cochran method and I 2 index were used. The I 2 less than 25% indicated a low heterogeneity, between 25% and 75% indicated a moderate heterogeneity and higher than 75% indicated a high heterogeneity. Data were analyzed using STATA version 11. The significance level of the tests was considered to be P < 0.05.
Results
During the deep searches using the keywords, 67 studies were initially were considered for primary assessment. Of those, 12 were completely matched with the study endpoint. In final, six were excluded because of unavailability of full texts or acquired data and thus six studies were finally analyzed (21-26) (Table 1) , which were published in the period from 2002 to 2013. The total number of participants in the study was 7888 (4055 men and 3833 women, average age of 64.17 years, ranged 54 to 73 years). The mean follow-up time of the patients was overall 3.8 years ranged 1 to 12.5 years. The meta-analysis of the prevalence of SCD in CHF patients resulted from the combination of the results of studies presented in Figure 1 . Based on the meta-analysis processing and assessing size effect and random effect models, the pooled prevalence of SCD in CHF patients was found to be 6.9% (95% CI: 5.2% to 9.0%). The statistical heterogeneity was high with an I 2 of 84.488 (P < 0.001). There was also a significant publication bias as evidenced by either funnel plot asymmetry or Egger test (P = 0.001 for all) (Figure 2) . Of six studies which were finally assessed, five revealed a significant association between the elevated serum level of NT pro-BNP and increased likelihood of SCD in CHF patients (22) (23) (24) (25) (26) . In this regard, abnormal elevated level of NT pro-BNP (more than 10% of normal range) was significantly associated with the increased risk for SCD with a hazard ratio of 4.2 (95% CI: 2.2 to 8.7). Of six studies in meta-analysis processing, only two assessed the value of increased level of NT pro-BNP for SCD from survival status by the ROC curve analysis that led to different cutoff values of this biomarker as >908 pg/mL and >200 pg/mL as indicators for risk of SCD. As shown in Table 1 , the first cutoff point yielded high sensitivity but low specificity, while the second cutoff point achieved partially low sensitivity and specificity.
Discussion
In the current systematic review, concluding the findings of the studies on the value of elevated level of NT pro-BNP as a novel diagnostic biomarker for predicting risk for SCD in heart failure patients reached to demonstrate its high predicting value. In this regard, elevated level of NT pro-BNP at least 10% of normal range was link to more four-time risk for SCD in CHF patients and thus measuring serum level of this markers can successfully applied to estimate the risk for cardiac sudden death and also to stratify the patients to low, intermediate or high risk for this event. However, three important points should be taken into consideration. First, a few studies have focused to estimate its value to discriminate survived from non-survived conditions (using the ROC curve analysis) and thus the best cutoff value for this marker to predict cardiac sudden death risk remains uncertain. In this regard, two studies with this parameter could not lead us to an appropriate cutoff point with the aim of yielding acceptable sensitivity and specificity. Second, we concluded high heterogeneity among the studies on our endpoint probably because of the considerable differences in study powers, type of the studies, inclusion or exclusion criteria, ignoring medications or other therapeutic interventions, and also the difference in the patients' functional classes. Summing these findings emphasizes us to the importance of further studies on the value of NT pro-BNP to predict CHF outcome and prognosis. Overall, the present evidence protects high power of this marker to predict mid-term or long-term SCD following CHF exacerbation. However, it seems that the combination of NT pro-BNP with other specific markers can increase our confidence to predict poorer outcome in CHF patients. As shown by Vrtovec et al (21) , considering prolonged QT interval along with elevated level of NT pro-BNP can effectively estimate the likelihood of SCD in heart failure patients. Thus, it seems that the use of NT pro-BNP simultaneous with other markers can result in high specificity and confidence for predicting CHF improper outcome.
Conclusion
As the final conclusion, measuring the serum level of NT pro-BNP in CHF patients can be valuable to predict long-term SCD. In this regard, significant elevation of this biomarker may be associated with the four-fold risk of SCD in such patients. A few documents are available in the best cutoff value of this marker to achieve this goal with high sensitivity and specificity and thus more crosssectional and cohort studies should be performed with the aim of yielding the best cutoff points of the marker.
Study limitations
During the research, we encountered some problems such as inconsistencies in implementation and time constraints.
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